Introduction:
132
Thus model development efforts should also consider these important and interconnected 133 dynamics and examine multiple canopy outputs at varying scales as simply focusing on total 134 canopy outputs can be misleading. 135 The objectives of our study are as follows: 1) To determine the impact of canopy 136 radiative transfer (RT) parameter variation on the projection of C, water and energy fluxes 137 between forests and atmosphere and 2) characterize how canopy structure affects RT 138 uncertainty. These objectives allow us to evaluate which properties related to canopy radiative 139 transfer need to be considered during model development activities, particularly those focused 140 on improving the representation of the canopy radiation regime and associated processes 141 representing carbon, water, and energy fluxes and stores. As the focus here is not on model 142 validation, but rather on the internal model dynamics, the results will not be compared to In addition to the spectral properties of wood and leaf scattering elements, the canopy 213 radiation profile also depends on the distribution of these elements in 3D space. A typical two-214 stream approximation of canopy radiative transfer assumes leaves are infinitesimally small, 215 non-overlapping, and spread randomly through the canopy (i.e. "turbid medium"), and that leaf 216 angles follow a spherical distribution. This allows the three dimensional radiative transfer 217 problem to be approximated as a 1D (vertical) problem. To account for more realistic canopy 218 geometry, two additional geometric parameters can be incorporated to the two stream RTM: 219 canopy clumping factor and leaf orientation factor. The canopy clumping factor (Ω) describes 220 the non-random distribution of foliar elements in a plant canopy (Nilson, 1971 The location of a cohort layer in the RT scheme is determined by the cohort height. In ED2,
241
cohorts interact with the radiation in layers proceeding from the tallest cohort to shortest cohort 242 independent of how dense the actual vegetation within the canopy is. As each layer will absorb 243 radiation, this reduces the amount of available radiation to the lower cohorts. Additionally, due 244 to scattering within the canopy the upper layers can also receive radiation back from lower 245 cohorts due to reflection. In ED2, the whole cohort is assumed to be in the same layer. fluxes and carbon stocks to RT parameters and resulting changes to canopy structure. The single PFT canopy results also highlight how important cohort PFTs are not only for 537 determining how sensitive the cohort is to radiative parameter uncertainties, but also on how 538 they respond to changes in radiation absorption. The Late Hardwood NPP sensitivity for LT PAR 539 (Fig 2) is a good example of this as while it is least sensitive of the tree PFTs to LT PAR , the 540 sensitivity also has the largest relative increase over time.
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In the more complex EML and MLE canopies, though, the NPP sensitivities appear to processes. Additionally AGB is more constrained by internal model assumptions as, for 575 example, ecosystem models limit how much a cohort can grow in a year to avoid unlimited 576 growth. However in the tests here the tallest cohorts are so light-saturated that while their NPP 577 will change in response to available radiation, it will still be so high that the top cohort AGB 578 will only incrementally change.
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The impact of the radiative parameter values on the biomass distribution within the 580 canopy (Fig 10) highlights both the factors discussed before while also further illustrating the and NIR radiation range (400 to 2500 nm). Plants reflect the most (while absorbing the least) 605 radiation in the NIR, followed by the two peaks in the shortwave infrared (Ollinger, 2011) .
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Consequently the parameters controlling the NIR reflectivity dominated the ED2 albedo, 607 especially the wood NIR properties as the leaf NIR parameter values are so small and vary so 608 little that they do not really have impact on the albedo (Fig 1) . What is noteworthy, however, 609 is that while clumping factor and leaf PAR transmission or reflectance can have a strong effect 610 on growth, in our analysis their impact on albedo was more muted. 
